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(57) Abstract: By specifying the initial oxygen 
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treatment condition of the silicon single crystal, 
the oxygen precipitate density and the amount of 
precipitated oxygen under a given heat treatment 
condition are predicted by calculation 



(57) |S$?1: i/ U > 
If § 4 O O'^Ct'^ b 5 5 O^^C^PbTO) jSiSSfC 

s J: i;M»«f tb « * ainz cfc o T ^ ai-r 

So 



wo 2005/071144 Al IlililllliilililllllVllllliiiilllllinillllillll 



BW, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, 
DZ, EC, EE, EG, ES, FI, GB. GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS. 
LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ. NA, 
NT, NO, NZ, OM, PG, PH, PL, PT, RO, RU. SC, SD, SE. 
SG, SK, SL, SY. TJ, TM, TN, TR, TT, TZ, UA. UG, US, 
UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) ii^mmTTsotjii^m^) s ±x<Dmm<DjKm^m 

36<Pl^j: ARIPO (BW, GH, GM, KE, LS, MW, MZ, NA, 
SD, SL, SZ. TZ. UG. ZM. ZW), IL— ^ i/ 7 (AM, AZ, 
BY, KG, KZ, MD, RU, TJ, TM), 3 — P /< (AT, BE, 



BG, CH, CY, CZ. DE, DK, EE, ES, H, FR, GB, GR, HU, 
IE. IS, IT, LT, LU, MC, NL, PL, PT, RO. SE, SI. SK, TR). 
OAPI (BF, BJ. CF, CG, CI, CM. GA, GN, GQ, GW. ML, 
MR. NE, SN, TD, TG). 



10/586445 

WO 2005/071144 1 PCT/J[P2005/001114 

iAP20R8C'dPCmO 17 JUL 2006 

m m m 

is<o,^m^j:m^m(Dv^y'^vy-!f:^mtLxiA<um^nx\,^^o 

nM\t, m^m^JMX'y^^-^^i^m^ti^Bf^micjtcx^yv^^y^m^B^ 

K^±-t^mm^iii^<DmM:irsxv^mm^mm^x^x^wj:icmi^mbti^x^ 
[0004] mm^m^(Ds^m'im^=^yi^yi!^W:x^if^>>n^o t.tc. M^^fwsM^as 



BEST AVAILABLE COPV 



wo 2005/071144 2 PCT/JP2005/001114 

[0006] ^nxm-4xm7r^^tifzMmm!^(D^^is^umti\M^m'r^:^mix 

[0007] t:Lbx\ mm(D^ii!iit^yv=^y'^W^Bt^Bia^^(Dm\^^^f^4oox:^^h550°c 

m^XW^l : ^M2003-257983-^<Z?^ 
#fF5:^2 : #r?i2000-68280-^^^ 



wo 2005/071144 



3 



PCT/JP2005/001114 



ii#M 2003-3 1 8 1 8 1 -^^^ 



¥ll-147789-^<2^ 



¥2-263792-^<2^ 



i^M¥4-l 30732-§-^# 



#li¥4-298042#<2^ 
#M¥4-175300-^'i!^ 
#rJ¥5-102167-^<2^ 



[0011] :^mmit:Lo\.tcmm^^^x:^j:^nf::t<D'Qm, mmmicM\^xmhMm^^ 



[0012] 



wo 2005/071144 



4 



PCT/JP2005/001114 



iei^M^^W^^m^i^t, ^y^v;^-^tLXm^^n^\ ^yV=^yWf^^B%:mf^mL 

[0013] ^2%mu. 

tLxmn^n\'\i^v='y^^^^B^m^mucm^^^wWt^^mmnxi^v=^y^ 

[0014] m^mmii. 

mmx\t^2^m(Oi>^}}=iyi^B^^(DmmwmmWif'W]:^Wi^m^\^x,^yv=^ 

yW^^^(Dmm^M^t.yv=^ym'^iB^y=iyht^^^Bi^^(DmK^ii^4 

[0015] mm^Mit. 

m^M^^lt^\:'Xz^v='y^^^^B'p\m±■r^mm^m!^(DmWi^^y\^°^-^x 

^yv=iyw^^B^<Dmm^'^&t.yv=^ywu^B^^'^^Bi&&(Dm\^^i-f?>4oo 



wo 2005/071144 



5 



PCT/JP2005/001114 



[0016] 

^■fxi^yJ^hVX^'m-^Z.h 

A) #M-X?(^^^±i£^fi TIE (1) ^w<t5^c^^^Mtf— ^>'^K^'-«^<^ 

I (t) : (cm~V') . T : a (T) : tfi^iCioT^^S^ic. C : ^^lifi 
( X 10' W) . TD : f— v;uK^-^iS ( X lO' W) 



wo 2005/071144 



6 



PCT/JP2005/001114 



[^1] 

l(T)=a(T)C^TD3 ••• (l) 

[0018] B) mm^mAit. ^MIci^sv ^xSIM^^^-C^^Uc^cDiAtfc#3i-rr<D^;5 

[0019] ±iaA) . B) (c:j;oT. ^y]}=tymB^B^(Dmmmm^t. ^yV^^ym^^mt^'^iB 

muxyv=^ywt^^a ^ iz.^^irmm^m^<Dmm^m&^^i^^:iti^x^. ^ 

[0021] mm^^t-f—^ji^h'i—m^mi^m^w^^^y^-^tLx 
^tti:<\iM.(om^m-:^^±:^\z.n-t^mmfi:i^')^ym^^^:^-y^^ 



wo 2005/071144 7 PCT/JP2005/001114 

[0022] ^T, >if?^m(Dmmmmic-^^^xmm^0mi'XMm-r^o 

[0023] [1. ^i:icov>-c] 

2 

[0024] [iiSl)^c:oV^T] 

[0025] S^^^^irUXLK.Wada, N.Inoue, Semiconductor Silicon, ed. H.R. Huff et 

al..(Electrochein. Soc, Pennington N.J., 1986)p778]fc:J;oT^|^$tl.fc^^fflV^/c 

mnUS.) Ttoo MicT'^^tiSwtSr^UT V ^5, TIB (2) ^(C*3V 

2X 10"'°) . k::^^JVy-^y^^, T:*6*J-M. D:g?^(Z)l£i(^,mx C:Wtmmm. t 



wo 2005/071144 



8 



PCT/JP2005/001114 



m2] 



TD = TD'"'{l-exp(-aDC t)} 



(2) 



fit TD"«=aC'exp 



^ 1.535e V 
. kT 



[0026] ^mu^hs ±E (2) ^i-i.mmt=^x-TD''lzUMi-^mWcr:h^. <bv ^^:Ltt^^j^ 



[0027] WLM.mttMz.^—^j\^¥'r-ii^%^-r^m'^\'i. ±.m2)^(D^mt^uMu 

1 1 

u ^--^jvYi—wim^T-D tfa-^tzM-K. MT x^mt (sec) (DTOa^ii-r 

1 2 2 



12 12 

mmt {:±TiE(3)5tc^<fc9tc:^$tT.5o 

12 

[fC3] 



—In 



t 1 2 



1 - 



TD 



T D(T 2^ " 



a DC 



(3) 



[0028] -r^t. um X'9^mt (sec) (DBf^n^j^M-t^m^i-i. -t—^j^h'-r-^^m ( 

2 



[^4] 



TD = TD(T2)'"'{1 -exp(-a DC(t 12+ t))} 



(4) 



:/0^e)Bff SEg^ (50, 150, 250, 350, 450, 550, 650, 7 50mm) tOfmmhtcW. 



wo 2005/071144 9 PCT/JP2005/001114 



n 

n n n 

n 

[0031] CiiS2)tcov^T3 

I(T, C, TD) ■.mW±m&(cm~h~').T:U&. a(T) :a5(v:j:oT^^5«. C: 
^^ii^ ( X 1 0'^cm"') , TD : f—' v/^K•:^-SS ( X lO'^cm'^) 

[^5] 

1^ 

I(T,C,TD)= a(T)C^TD3 •• (5) 



[0032] ±|E(5)5^(c:oV>-CffiMlft§^^i-§„ 



wo 2005/071144 



10 



PCT/JP2005/001114 



[0033] ^Pslt' ;5^bAtgji-rs^T'W^1«|g^-r5^^CD^IlN(t' ){iTIE(6)^(^ 



N(t ')= I(T,C,TD)A t 



(6) 



[0034] ^LT. Ig^L/cl^fT^^^fiTiB (7) ^T'^^n5g|#^^SRcriT'fe5i-r5, 
Rcri:Ea#;K¥S. V:SiO ^^fls:^. a :Si-SiO Wc^M3i^/VdS^-> C: 

2 2 



Ah.-:, 



[^7] 



Rcri= 



Vcr 



k Tin 



e a 



J 



(7) 



[0035] ±E(6)5»:. (7)^-e^$tia^^it:feJ:U^f--l'X{C-C^^Lfc:0#F^|E:r^ft©;^(^y=' 
[0036] [ii@3) {COV N-C] 



wo 2005/071144 



11 



PCT/JP2005/001114 



aR(t-.tL DV ... 

at 2R(t\ ty ' ^ ^ 



taU Ci=C*exp 



[0037] ±ia(8)S:^ffiv^fcSii»tcj;oT.R(t' , t)^M^:itt^x^^o'y')^yW-m^ 



ac 
at 



t' =t 



AnD \ N(t ')l(t t)(C - Ci)d t ' ... (9) 

t' =0 



[0038] ^j.}L(D^%^mwmyn'^nmmir^:Lh\z^-:>x. mM^mo^^^x-xi 



wo 2005/071144 12 PCT/JP2005/001114 

[0040] [2. MMW 

mmm i 

[0042] ^mLt-yV=^y^B^Blt. mmM^-AniX 10''-17X lO^atoms/cm'dH 

[0043] mm^. rf&^u^t^mmt^m.^^tz^W{c^\/^xmm^^^m^mLtc. • 

M:575, 600, 625, 650. 700> 750t: 
•1S^W:0> 0. 5, 2, 4I^M 

•^fiMS2 : 9OO°C-C40^P0l + lOOO°CT'160#ra 
• fife:5llft^S3 : 1 000°CX'l 6 B#^^ 

[0044] mWM'k^^mmMX<Dm^M^(D^i^BMA<Dm^t^^tX73^l^tc. t.fc 
[0045] I2l4fi±|S^|gi^MS^IiUcm{-±l2^ft^^Sl^;!)Px./c^^(Di^^tlf 

mm<DMmmtmmm^-rmxh^,m5it±mm?^^misiim^mi.fcm^±B 



wo 2005/071144 



13 



PCT/JP2005/001114 



umtmnm^-rmx'h^o intKDmhmii^^mmm. wmii^^m$.t^nxid 



[0047] :^^m^hKx^±t&wffxmxn. ^^^ffffi»o^alJ;^&^cov^"cM^$tl 



[0048] :^mMK^fiit. mmmm!^<D^^^mm^imti^KmtitcnMx^m-r6^ 
'Mm 2 

[0049] 



wo 2005/071144 14 PCT/JP2005/001114 

[0050] ^^Lfc^yV='y^iBit. mM^^t^ll. 2X10''-13. 5Xlo"atomsW(IH 
tLX4-D(DUM&50. 700, 750. 800°C^^SU P ^^U&t^n^U&KmML 

[0051] , mMmm(DmmmmK-:>\^^x-mmt^%^ii^\m.-t^o 
[0052] mM^^^(om&\^^^^x%m\M.t^%^t^im.-f^o 



wo 2005/071144 



15 



PCT/JP2005/001114 



[0054] miMm'yv=^>^'^ia(D^^iB^M:Mm^iin^mnitmv<^}^M^i^^^i^ 
mnMiinm^^B^M^mvfcm^78o'x:x3?^m+iooox:xi6f^r^(oi^ 



wo 2005/071144 



16 



PCT/JP2005/001114 



^ai^M^mi^m^wt. ^^■<y^-'$'tLxm%^n\^\ i^v=^ym^^B^m^mL 
tLxmw^n^\^yv=^yw^ia^B^mi.fcm'^\^'t(Dm^mmnx-yv^ym 

m^mi,^st\:'Xi^v='ymi^^^{^^±i-^mm^m<DmW}^=^yii°^-^x 
'^w\'ri>fcif^(Dyv^yj^^m^-r^is.mw\^m^x, 

vt^h55o''com(DmmMic}t^\:^x^±i-^-^--^/wi---(Dm&t.iyv=^yWf^ 



wo 2005/071144 



17 



PCT/JP2005/001114 



:^^X2^yM,tLXf&mir^:Lt 



wo 2005/071144 



1/6 



PCT/JP2005/001114 



[HI] 



1400 



e 



1200 



1000 -. 



800 



600 _ 



400 



n EJP{£S (mm) 




1000 1200 



Time (min) 



S 

o 

O 

"3 



^ 2 



i 



1 



0 





(mm) 



wo 2005/071144 



2/6 



PCT/JP2005/001114 



[ma] 



e 



10 



-3 



10( 



10" 



10-^ t 



10 



800 



i — I — I — r 



600 




0.7 0.8 0.9 1 1.1 1.2 1.3 



1/T (xl0'^ K-') 



[|gl4] 




8 

A 



5750c 
600°C 
625°C 
650°C 
700°C 
750°C 



10 12 14 



MWMM^lhM (atoms/cm^) 



wo 2005/071144 



3/6 



PCT/JP2005/001114 



[El 5] 



"a 

B 
B 
•3> 



33 

I'm 



H 




2 4 6 8 10 12 14 

Momm^mM. (atoms/cm^) 



8 

A 

□ 
V 



575°C 

eocc 

625''C 

lOOPC 
15QPC 



[06] 




2 4 6 8 10 12 14 

MO^BM^ihS. (atoms/cm^) 



8 

A 



600°C 
625°C 
65000 
700°C 
750"C 



4/6 



WO 2005/071144 



PCT/JP2005/001114 



[117] 



12 



10 fc I I I II 



I. 



to! ,, 
m lo" 



H 



fltia 



10 



1 I I I I Mil 



A 

r 




' 1 1 II III 



8 


575°C 




eocc 


625°C 


• 




n 


700°C 


V 


750°C 



10 



10"' 10" 10 



12 



A 




5/6 



WO 2005/071144 



PCT/JP2005/001114 



10 



12 



= I I I 1 1 III 



n 



^ 10 =- 



m 

H 
u 

ill; 



10 



10 



10' 




I.I 



Itf 



10 



.11 



10 10 

mmmm^mmm (cm-^) 



10 



12 



8 

A 



600°C 

700«C 
TSO^C 




6/6 

WO 2005/071144 PCT/JP2005/001114 

[EI 11] 



A 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ faded TEXT OR DRAWING 

BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ (»AY SCALE DOCUMENTS 

12 LINES OR MARKS ON ORIGINAL DOCUMENT 

□ R£F£RENC£(S) OR £XHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



